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P  R  S  F  A  C  E 


AUTHORIZATION 

This  study  was  authorized  in  the  Bureau  of 
Ordnance  letter  NP9/A9(Re3)  dated  9  January  1943,  as 
part  of  NPG  Research  Project  APL-1. 


OBJECT 

The  investigation  described  in  this  report 
was  carried  out  for  the  purpose  of  comparing  the 
performance  of  3"  flat-nosed  and  current  armor  pierc¬ 
ing  projectilos  in  the  attack  of  homogeneous  plate. 


SUMMARY 


In  previous  experimental  tests  of  flat -nosed 
projectiles  (references  (1)  and  (2))  the  projectiles 
used  were  monoblook  and  were  not  fitted  with  wind¬ 
shields,  Since  for  the  usual  service  applications 
windshields  ere  essential,  it  was  necessary  to  test 
the  effect  of  a  v;indshisld  on  the  penetration  of  homo¬ 
geneous  plate  by  flat-nosed  projectiles.  Accordingly 
such  projectiles  were  manufactured  by  Crucible  Steel 
Company  and  tested  at  the  Naval  Proving  Ground,  The 
ballistic  limits  (minimum  velocity  required  for  pro¬ 
jectiles  to  pass  completely  through  plate)  obtained 
were  compared  with  limits  for  3-inoh  M79  and  3-inoh 
Mk.  29-2  projectiles  under  the  same  test  conditions. 

The  limit  velocities  for  the  flat-nosed 
projectiles  were  in  general  lower  than  were  required 
by  either  3-ineh  Mk,  29-2  projectiles  fitted  with 
caps  and  windah.i?:>lds  or  3-inch  monoblock  M79  projec¬ 
tiles,  The  advantage  of  the  present  flat-nosed  pro¬ 
jectiles  over  other  types  of  projectiles  holds  only 
for  the  attack  of  homogeneous  plate  (STS  and  Class  B) 
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up  to  e/a  i ratio  of  plate  thickness  to  projectile 
caliber)  Oj.  0,65  at  most.  The  advantage  is  partic¬ 
ularly  marked  in  the  attack  of  divided  armor  and  of 
thin  |)late  (e/d  of  0,5  or  less)  at  high  obliquities 
(45*-60®).  When  e/d  is  greater  than  0,65  the  pro¬ 
jectiles  are  badly  deformed  or  shattered  on  impact. 

The  results  of  the  present  tests  together 
with  previous  results  for  flat-nosed  projectiles  are 
sunmiarized  in  the  following  table.  The  limits  are 
expressed  as  percentages  of  limits  for  undeforraed  I" 
M79  projectiles  under  the  same  test  conditions. 


value) 

i^lain 

Windshield  Flat-Nosed 


sZi. 

Obliquity 

Mk.  29-2 

(nat-Hosed)L8ef.il)&(2)) 

0.16 

0® 

116 

114 

102 

0.36 

o 

O 

,60® 

100-119 

66-85 

<69  (W) 

.0® 

,60® 

104 

90 

30®, 45® 

113-122 

80-93 

0.49 

.0® 

,60® 

117 

88 

62 

0,66 

30®, 45® 

120-127 

93-110 

62-72 

0® 

125 

97 

62 

30® 

124 

102 

93 

45® 

133 

126 

101(40®) 

From  the  above  it  is  apparent  that  for  e/d 
values  up  to  0,5  and  obliquities  up  to  60®  the  pene¬ 
tration  of  homogeneous  plate  was  accomplished  by  the 
flat-nosed  projectiles  at  velocities  on  the  average 
about  15^  below  those  required  by  raonoblock  and  capped 
AP  projectiles. 


Against  a  divided  structure  consisting  of 
0','5  and  1”  STS  sej?arated  six  (6)  feet  apart,  the  limit 
velocity  for  the  flat-nosed  projectile  was  o?^  of  the 
Mk.  29-2  limit.  The  Mk.  29-2  projectile  in  all  oases 
struck  the  second  plate  with  about  45®  yaw,  whereas 
the  flat-nosed  projectile  struck  with  0®  yaw.  This 
difference  in  yaw  together  with  the  lower  limit  for 
the  flat-nosed  projectile  accounts  for  the  large 
observed  difference  in  limit. 
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In  the  attack  of'homoeenBnifc!**'*  flat-nosed  projectile 
hre  to  penetrate  arM^^B/a 

thelr  tendenorto  L^ttL  because  of  shatter  and 

high  strlklnryeLcUiel  fhuf ,* 
projectiles  shattered  and  f 

While  the. 

emphasize  that^in^the  Bttaot  investigation 

to  e/d  of  0  5  and  nf  ad-  d  ^cmogeneous  plate  up 

sec.  flat-nosed  projeftiles^far^®®^*^®® 

at  velocities  lol  td  penetrate 

of  the  current  types/  AKainat  d?wfi  hy  any 

flat-nosed  prolectlla  structures  the 

advantageous,  in  view  of  thf  particularly 

cation  of  the  flat-nosed  service  appll- 

offers  promise  of  succesq^w^fh^^^?  rockets  and  bombs 
penetration  efficiency!  ^  increase  in 
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I. 


UJTfiODUCTIOM 


In  the  past  two  years  various  experimental 
tests  of  flat-nosed  projectiles  have  been  carried  out 
at  3-inoh  scale  at  the  Naval  Proving  Ground  (references 
(1)  and  (2)).  These  tests  showed  that  under  certain 
conditions  a  flat-nosed  projectile  could  penetrate 
homogeneous  plate  at  50^  of  the  velocity  required  by 
current  projectile  types.  Particularly  favorable 
results  were  observed  against  plates  at  high  obliquity 
or  against  divided  structures.  The  principal  limita¬ 
tion  of  this  type  of  projectile  was  found  to  be  its 
inability  to  penetrate  thick  plate  because  of  shatter. 
Thus  its  use  was  limited  to  the  attack  of  structures 
with  thicknesses  not  much  greater  than  l/2  caliber 
(e/d  of  0.5).  For  this  reason  it  was  concluded  that 
the  principal  possible  application  of  the  flat-nosed 
principal  lay  in  bombs  or  perhaps  special  common  pro¬ 
jectiles  for  the  attack  of  lightly  armored  targets. 

As  none  of  the  projectiles  used  in  these  tests  were 
fitted  with  windshields  and  since  the  usual  service 
applications  would  necessarily  require  a  windshield 
it  was  desirable  to  obtain  for  test  flat-nosed  pro¬ 
jectiles  fitted  with  windshields.  Crucible  Steel 
Corporation  was  accordingly  requested  by  the  Bureau  of 
Ordnance  to  manufacture  13.0  lb.  flat-nosed  projectiles 
fitted  with  wlndshiolds.  The  performance  of  these 
projectiles  is  discussed  in  the  present  report. 

II.  MATERIAL  AND  MBTHCDS 

Plate; 

0y5  STS  Carnegie -Illinois  No.  2311 5-A 
0V5  STS  Carnegle-Illinois  No.  612068 
IVl  STS  Carnegle-Illinois  No.  174140 
iy5  STS  Carnegle-Illinois  No.  40917 
2y0  STS  Carnegle-Illinois  No.  F1790 
3y0  Glass  B  Carnegle-Illinois  No.  85187 
372  Class  B  Carnegle-Illinois  No.  X9021 

(All  plates  are  accepted  STS  and  Class  B 
plates. ) 
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NPO  PHOTO  NO.  1566  (APL) 
-  CONFIDENTIAL  - 
10  April  1944 
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Projectiles: 


Crucible  Steel  Co,  13,0-lb,  3»  Mk,  29 
Flat-noaed  projectile  (Buord  Dwg. 

No,  124181)  fitted  with  a  steel  wind¬ 
shield  (0,21  lbs.) 

Oldsniobile  13.0-lb,  3«  Mk,  29-2  AP  pro¬ 
jectile  (Buord  Dwg,  No,  330770)  fitted 
with  cap  and  steel  windshield  0,43  lbs,) 


Frankford  Arsenal  13 -lb,  3"  M79  AP  shot. 
This  projectile  is  a  monoblock  type  with 
neither  cap  nor  windshield. 

Methods  of  Measurement 


All  ballistic  limits  reported  herein  are 
expressed  in  terms  of  F(e/d,0)  values,  where 
F(e/d,G)  is  defined  as  follows: 


F(e/d,e) 


41.37  Cos  0 

- 


11) 


M  is  the  projectile  mass  in  pounds,  Vt  is  the 
limit  velocity  in  feet  per  second  (ttw  minimum 
velocity  required  for  a  projectile  to  pass 
completely  through  the  plate).  0,  the  obliquity, 
is  the  angle  between  the  normal  to  the  plate 
and  tho  line  of  flight,  e  is  the  plate  thick¬ 
ness  in  inches  at  the  point  of  Impact,  and  d  is 
the  projectile  diameter  in  inches.  All  of  the 
quantities  entering  into  the  defining  expression 
above  are  measured  directly  except  the  limit 
velocity.  The  limit  velocity  for  any  test  condi¬ 
tion  is  calculated  from  the  striking  and  residual 
velocities  (references  (1),  (2)  and  (3))  or 
estimated  from  the  depth  of  penetration.  For 
most  of  the  test  conditions  both  complete  and 
incomplete  penetrations  were  obtained  to  give  a 
bracket  of  the  limit,  fhe  residual  velocity  for 
the  complete  penetration  and  the  depth  of  penetra 
tion  for  the  incomplete  penetration  are  used  t 
determine  the  value  of  the  limit  velocity  v.ithin 
the  bracket.  As  a  measure  of  the  amount  of  pro¬ 
jectile  deformation  the  ^iameter  of  the  forward 
bourrelet  of  each  project  .le  was  measured  before 
and  after  each  rounds  Any  gross  deformations 
such  as  breakage  were  also  noted. 
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RESOLTa 


The  results  given  In  detail  in  the  Appendix 
are  sura^rized  below,  F(e/d,9)  values  for  Mk,  29-2 
and  3**  Mk,  29  (flat -nosed)  are  given  in  columns  4  and 
^jspectiyely.  In  parenthesis  after  each  tabulated 
F(e/d,&)  value  are  given  the  F(e/d,9)  values  as 
percentages  of  the  standard  3”  M79  limits  (undeformed 
pojeotlles)  given  by  NPG  Photo  No.  1656  (APL) 
(reference  (4;), 

SUMMABY  OF  BALLISTIC  RgSULTS 


Observed  F(e/d.&l 


Gauge  e/d  Obi,  3^  29-2 

0V49  0,16  0®  35,G00±400  (Il6) 

30"  29,200±300  (107) 

45"  30,500±500  (119) 

60®  30,500±300  (100) 

ly08  0.36  0®  42,800±400  (104) 

30®  42,600±600  (115) 

45"  42,600±200  (122) 

60®  46,600±400  (113) 

1548  0,49  0®  51,700±400  (117) 

30®  49,000±600  (123) 

45"  47,800±500  (127) 

60"  52,300±800  (120) 

1798  0,66  0®  57,900±300  (125) 

30®  51,900±400  (124) 

45®  52, 5001300  (133) 


3"  Mk.  29 

(Flat-Nosed) 

34,5001500  (114) 
23,2001400  (  85 
20,6001600  (  80)' 
19,9001300  (  66) 

37,3001300  (  90) 
34,5001500  (  93) 
31,5001400  (  90) 
32,8001500  (  80) 

38,8001400  (  88) 
39,7001300  (  99) 
41,4001500  (110) 
41,0001400  (  93) 

45, 00011000 (  97) 

42.6001400  (102) 

44.6001400  (126) 


Beferenoe  (2) 
Plain 

Flat-Nosed 
I  35,0001200  (102) 

<23,600  (  69)* 


28,5001200  (  62) 
30,1001300  (  73) 
32,6001200  (  72) 
31,0001500  (  62) 


28,6001500  (  62) 
30,1001300  (  93) 
32,6001200  (101)** 


2743  0.81 


>48,200  Oi02)  41,00011000(  86) 


e/d  of  0,20 
40®  obliquity 
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HPG  FHOTO  NO.  I65O  (APL). 

APL  Plate  No.  394  (015  3T3  C.I.No.  23115-A)  vs.  13.0  lb.  3"  Olds.  Mk.  29-2  AF 
projectiles  and  12.90  lb.  3"  C.S.  Co.  Mk.  29  flat-nose  AP  projectiles  at  0®, 
30°  ead  45°  obliquity.  FRONT  VIEW.  See  NPG  Photo  No.  I65I  (APL)  for  back 
view  and  data  on  impacts  2678”85  APL. 
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IV. 


DISCUSSION 


In  the  evaluation  of  the  performance  of  the 
13.0  Ibo  flat-nosed  projectiles  comparisons  with 
standard  armor  piercing  and  common  projectiles  were 
considered  desirable.  Since  the  flat-nosed  projectiles 
were  fitted  with  steel  windshields,  it  was  considered 
essential  that  one  of  the  standard  projectiles  also 
have  a  steel  windshield.  Of  the  available  projectiles 
the  ones  which  best  met  this  condition  were  service 
3”  Mk.  29-2  armor  piercing  projectiles,  although  these 
projectiles  in  addition  to  windshields  are  fitted  with 
caps.  The  standard  M79  projectile  was  used  as  a  stan¬ 
dard  common  projectile  since  its  performance  against 
homogeneous  plate  is  well  known  {references  (3)  and 
(4)).  In  the  following  the  relative  ballistic  perfor¬ 
mances  of  the  3"  flat-nosed  projectile,  the  3"  Mk.  29*2, 
and  3"  M79  are  discussed. 

At  e/d  of  0.16  the  ballistic  limits  of  the 
flat-nosed  projectiles  are  lower  than  the  correspond¬ 
ing  3"  Mk.  29-2  and  M79  limits  at  all  except  normal 
obliquity.  (Figure  2,  NPG  Photo  No.  1751  (APL)),  On 
normal  impact  the  Mk,  29-2  and  flat-nosed  limits  were 
about  equal  but  were  above  the  M79  limit.  Since 
the  differences  in  nose  shape  can  account  for  only 
2-3^  at  this  e/d  (references  (l),(2)  and  (5)),  these 
relatively  high  limits  at  normal  obliquity  must  be 
attributed  to  the  additional  energy  required  to  com¬ 
press  the  windshield.  When  the  obliquity  was  increased 
to  30®  and  above  the  flat-nosed  limits  were  decidedly 
lower  than  corresponding  limits  for  the  other  projec¬ 
tiles,  The  rapid  gain  in  efficiency  of  the  flat-nosed 
projectile  with  initial  increase  in  obliquity  from 
normal  is  due  to  the  deflection  of  the  windshield  out 
of  the  way  with  a  lower  loss  of  energy  to  the  projec¬ 
tile  than  is  required  to  compress  the  windshield  at 
normal  obliquity.  For  views  of  plate,  projectiles  and 
windshields  see  Figure  3  (NPG  Photo  No,  1658  (APL)), 
Figure  4  (NPG  Photo  No,  I64O  (APL)),  Figure  5  (NPG 
Photo  No.  1650  (APL))  and  Figure  6  (NPG  Photo  No.  1651 
(APL)). 


At  e/d  of  0,36  the  flat -nosed  limits  were 
below  the  M79  and  Mk,  29-2  limits  at  obliquities  from 
normal  to  60®.  (Figure  7  NPG  Photo  No.  1752  (APL)). 
From  normal  to  45®  the  flat-nosed  limits  were  approxi¬ 
mately  constant  at  10%  below  the  M79  limits  and  at 
60®  the  limit  was  80%  of  the  M79  limit.  The  flat- 


OBLIQUITY 


DEPENDENCE  OF  F(f/d,e)  ON  OBLIQUITY 
S-MKZS-E.IS.O-LB.  FLAT- NOSED.A^D  (5-LB,  M79  PROJECTILES 

2“0  STS 
CONFIDENTIAL 


OBLIQUITY 

®  NPG  Photo  No.  1754  (APL) 


FIGaRE  10. 

NPO  PHOTO  NO.  1510  (APL). 

APL  Plate  No.  316  (Gam. -Ill.  2';5  Glass  B  No.  59533)  vs.  C.S.Co.  13-lb.  flat¬ 
nosed  projeotiles  at  0®  obliquity.  FRONT  VIEW.  See  NPO  Photo  No.  1511  (APL) 
for  baok  view  and  NPG  Photos  Nos.  1208-09,  1232-33  (APL)  for  previous  impaots. 
B.I.No.  "e"  "0"  S.V.,f.3.  Pene.  %  Proj.Cond. 

23^6  AiPL  27l30  O^JO*  InoT  109  3Eatte'red. 

March  6,  1944  -  CONFIDENTIAL  - 
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nosed  limits  decreased  continuously  relative  to  the 
M79  limits  from  about  85%  at  normal  obliquity  to  70% 
at  60“ .  Thus  at  this  e/d  over  the  full  range  of 
obliquities  used  the  flat-nosed  projectiles  had 
limits  from  10-30%  below  those  of  the  standard  pro¬ 
jectiles. 


At  e/d  of  0.49  the  flat-nosed  limits  were 
consistently  below  the  Mk.  29-2  limits  but  they 
fluctuated  about  the  M79  values  (Figure  8  NPG  Photo 
No.  1753  (APL))*  The  flat-nosed  limits  increased  from 
75%  at  normal  obliquity  to  80“85%  at  45° -60®  obliquity 
with  respect  to  the  Mk,  29-2  limits.  As  compared  with 
the  M79  projectiles  the  flat-nosed  projectiles  had 
about  a  10%  advantage  at  0“  and  60"  obliquity  with  a 
10%  disadvantage  at  45°  obliquity..  The  flat-nosed 
and  M79  performances  are  essentially  the  same  over  the 
full  range  of  obliquity  at  this  e/d  but  both  have  a 
decided  margin  over  the  Mk.  29-2  projectile. 

At  e/d  of  0,66  the  flat-nosed  projectile 
has  lower  limits  than  the  Mk.  29-2  up  to  45°  but 
limits  equal  to  or  greater  than  the  M79  projectiles 
(Figure  9,  NPG  Photo  No.  1754  (APL)).  The  flat-nosed 
limits  increased  from.  75%  at  normal  obliquity  to  95% 
at  45°  of  the  corresponding  Mk.  29-2  values.  The  M79 
and  flat-nosed  limits  are  approximately  equal  at  0® 
and  30°  obliquities  but  at  45°  the  flat-nosed  limit  is 
25%  above  the  M79  limit.  The  high  limits  for  the 
flat-nosed  projectiles  result  from  large  projectile 
deformation . 

At  e/d  of  0.81  and  0°  obliquity  the  flat¬ 
nosed  projectile  was  broken  up  with  little  penetration 
at  a  velocity  slightly  above  the  M79  limit.  A  view 
of  the  projectile  and  plate  is  given  in  Figure  10 
(NPG  Photo  No.  1510  (APL)). 

Against  a  divided  armor  structure  consisting 
of  l/2”  and  1”  STS  spaced  6  feet  apart,  all  at  30° 
obliquity,  the  limit  velocity  for  the  flat-nosed  pro¬ 
jectile  was  67%  of  the  Mk.  29-2  limit.  This  large 
difference  in  limits  was  a  result  not  only  of  the 
difference  in  mechanism  of  armor  penetration  but  also 
of  the  difference  in  yaw  in  the  two  cases.  On  every 
impact  the  Mk.  29-2  after  penetration  of  the  first 
plate  (1/2”)  acquired  a  yaw  of  about  45°  before  strik¬ 
ing  the  second  plate.  On  the  other  hand  the  flat- 
nosed  projectiles  struck  both  plates  at  0°  yaw.  One 
Mk.  29-2  projectile  was  broken  up  on  impact  with  the 
second  plate.  (Figure  11,  NPG  Photo  No,  1726  (APL)), 

M  ^  MM 


,  4.4  1  limits  for  the  present  flat -nosed  pro¬ 

jectiles  are  not  as  low  as  those  reported  for  plain, 
imwind shielded  flat-nosed  projectiles  in  references 
(1;  and  (2)  up  to  e/d  of  0,5  (Summarized  in  Results) 
but  at  the  same  time  the  limit  velocities  in  general 
are  10^-25/»  lower  than  are  required  by  the  best  conven¬ 
tional  projectiles.  The  lower  limits  for  the  earlier 
tests  are  accounted  for  by  the  lack  of  windshields  and 
by  the  full -caliber  flat  nose  (the  diameters  of  the 
noses  of  the  present  projectiles  were  0,92  caliber). 
However,  the  general  beliavlor  of  the  present  projec¬ 
tiles  as  to  type  of  plate  failure  and  the  remarkably 
low  limits  against  thin  plate  at  high  obliquity  and 
against  divided  structures  are  characteristic  of  all 
flat-nosed  projectiles  previously  tested. 


4.  4.r.  first  tests  of  flat-nosed  projectiles 

at  the  r>Taval  Proving  Ground  (Reference  (1))  it  was 

projectile  deformation  in  all  cases  increased 
with  increase  of  striking  velocity.  The  same  effects 

noted  in  the  present  tests.  Fl-om  the  Appendix 
the  following  cases  are  cited.  Against  r,*75  STS  at 
normal  obliquity  the  Increase  in  diameter  of  bourrelet 
ft. /sec.  was  0«020  and  at  1150  ft. /sec,  it  was 
^S^inst  2**0  STS  at  30°  the  increase  in  diameter 
at  the  bourrelet  rose  from  0V051  at  I350  ft./  sec.  to 
0'.‘096  at  1500  f to/sec. 


Several  rounds  were  fired  at  I800-2000  ft. /sec, 
to  observe  projectile  deformation  at  high  striking 
velocities.  On  this  test  some  of  the  projectile  noses 
were  broken.  At  striking  velocities  of  1800-2000  ft,/ 
sec.  against  1“STS  the  projectiles  were  broken  at  0° 

^d  45°  but  penetrated  at  60°  without  appreciable 
deformation;  against  ro’5  STS  they  were  broken  at  0° 
and  60°  but  not  at  45®;  and  against  2^0  plate  they 
were  broken  at  0°  and  45°, 


From  a  consideration  of  the  low  limits 
observed  for  flat -nosed  projeoti]  >s  against  plates  at 
e/d  up  to  0.5  and  of  the  tendency  to  break  up  at 
higher  velocities  ;,for  the  present  projectiles  I800- 
2000  f.s,  arid  above)  it  iLs  evident  that  the  flat -nosed 
P^iJ^ciple  is  Ideally  suited  to  service  armor  piercing 
rockets  and  bombs.  For  these  projectiles  have  rela¬ 
tively  low  striking  velocities' and  are  designed  for  the 
penetrating  of  lightly  armored  targets  (e/d  of  0,5  and 
below),  Since  the  setback  forces  are  low,  light  wind¬ 
shields  can  be  used  and  thus  keep  their  detrimental 
effects  on  penetration  at  a  minimum.  The  application 

— 6— 


of  the  flat-nosed  form  to  common  projectiles  may  be 
limited  by  the  tendency  to  shatter  at  high  velocity 
although  the  targets  that  can  be  successfully  attacked 
are  similar  to  those  met  by  bombs  and  rockets.  In 
the  present  war  the  Japanese  Navy  is  known  to  have 
been  using  a  type  of  flat-nosed  common  projectile 
of  8-inch  caliber  with  which  they  have  had  a  measure 
of  success.  (References  (6)  and  (7)). 

V.  CONCLUSIONS  3 

1.  /3-inch  13.0  lb.  flat-nosed  projectiles  fitted 
with  windshields  penetrate  homogeneous  plate 
at  considerably  lower  velocities  than  do 
standard  service  projectiles  over  a  wide 
range  of  test  conditions  including  divided 
armor. 


2.  Although  f let-nosed  projectiles  may  pene¬ 
trate  in  an  intact  condition  at  low  velocity, 
they  may  shatter  under  the  same  test  condi¬ 
tions  at  high  velocity.  * 


VI. 
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VII,  APPENDIX 


ballistic  data 


Symbols 


Vg( f.So).... 

^3  W . 


Pene  (in,)... 


CP 


Inc 


Striking  velocity  in  feet  per  second. 

Striking  velocity  in  per  cent  of 
standard  value  calculated  from  the 
Navy  1931  empirical  formula: 

F(e/d,0)  «=  6(e/d  -  0,45 )( 0^+2000) +40,000 

where  e  and  d  are  in  the  same  units  and 
9  ia  the  obliquity  in  degrees.  The 
percentages  in  parenthesis  after  each 
experimental  F(e/d,9)  value  are  with 
respect  to  this  empirical  formula. 

Depth  of  penetration  in  inches  measured 
froi  the  front  surface  normal  to  the 
plane  of  the  plate. 

Complete  penetration.  Projectile  com¬ 
pletely  through  and  clear  of  the  plate. 

Incomplete  penetration  -  none  of  the 
projectile  completely  through  and  clear 
of  the  plate. 


.  Projectile  stuck  in  plate,  A  special 

case  of  Incomplete  ponetratlon, 

Vg  (f.sj.,,.  Residual  velocity  in  feet  per  second 

of  projectile  after  penetrating  the 
plate. 


8- 


Increase  in  diameter  in  inches  of  the 
forward  bourrelet  of  the  projectile 
as  a  result  of  the  Impact. 

Projectile  whole.  The  projectile  may¬ 
be  deformed  but  because  it  is  stuck  in 
the  plate  measurements  cannot  be  taken 
of  the  deformation. 

Projectile  deformed. 

Projectile  undeformed. 

Projectile  broken  on  a  secondary  impact. 
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